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Introduction                                                                      
Morinda (Morinda citrifolia), is a very important 
shrub of the family Rubiaceae native to India, 
but widely distributed from South-Eastern Asia 
to Australia [1, 2, 3]. It is also known as great 
morinda, nonu, Indian mulberry, and mengkudu in 
Malaysia, nhaut in Southeast Asia, painkiller bush 
or cheese fruit in Caribbean andcanary wood in 
Australia [4].The tree thrives wellon saline, acidic 
and alkaline soils [2]. Despite its strong smell, 
Morindafruit may be used as food during periods 
of famine or as staple food in some cultures [5]. 
In addition to its food uses, the fruit is known 
for its medicinal properties [4]. A wide range 
of Morinda products including fruit juice and 
powder (from ripe or unripe fruits), lotions, soaps, 
oil (from seeds), leaf powder (for encapsulation 
of pills) are now popular in the market. Extracts 
from Morinda bark and roots areimportantdyes 
in the textile industry [6]. Several biological 
compounds identified in different plant parts [7] 
have antimicrobial, cholesterol reducing, immune 
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and digestibility enhancing effects [8-14]. These 
properties may justify the use of Morinda products 
as alternative to commercial additives which 
are gradually banned on account of their public 
health concerns [15-17]. However, the use of 
Morinda in livestock feeding is still limited due to 
its strong smell and poor taste which makes most 
animals avoid the plant. Because chickens pick 
their feed mainly by seeing and feeling than scent 
or taste,Morinda products may have application 
as phytoadditives (PA) in poultry feeding. This 
paper reviews the composition (nutritional and 
nutraceutical) of Morindaplant parts, their current 
use in poultry feeding and prospects. 
Composition of morinda plant parts
Nutritional composition
Because of its limited food value, most studies 
on the composition of Morinda have focused on its 
phytochemical constituents. Nutrient distribution 
differs between Morindaplant parts (fruit, leaves 
and roots) [18]. Morinda fruit is a poor to aver-
THE CONCERN overuse of chemical substances in poultryfeed has increased research into feed additives from plant origin. Morinda (Morinda citrifolia), a well-adapted 
and distributed shrub in the tropics, contains several substances which have nutritional and 
nutraceutical properties. These attributes justify the maximum utilisation of Morinda products 
in poultry feeding. Several products from the fruit, and leaves have antimicrobial, digestion 
enhancing, cholesterol reducing, immune modulation and heat stress reducing effects in poultry. 
Morindafruit powder at 2 g/kg diet relieved heat stress in broilers; 30 g/kg reduced plasma 
cholesterol below 50% in broilers and 150 g/kg improved weight gain and feed efficiency 
in quails. Extracts from thefruit/leaf at 50 g/kg diet improved weight gain, feed efficiency, 
immunomodulation and reduced plasma cholesterol and E. coli count in broilers; at 1.5ml/bird/
day and 50 g/kg diet improved weight gain and feed efficiency in broilers and quails, respectively. 
Morinda fruit granules at 200 g/kg was recommended as optimum for egg production in quails.
There is however, need for more research into plant and animal factors and processing methods 
for maximum utilisation of these products in poultry diets. Morindaroot has many functional 
properties but itsuse in poultry feeding is still limited and needs investigationin orderto broaden 
our knowledge of the application of Morinda products in poultry nutrition.  
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age source of protein but the protein has a good 
supply of isoleucine, glutamate and aspartate [19-
21]. The fruit is an excellent source of potassium, 
sulphur, calcium, phosphorus, ascorbic acid and 
carotenoid and contains traces of selenium [22, 
23]. Morinda seeds are rich sources of fatty ac-
ids mainly linolenic, oleic, stearic and lauric acids 
[18].The pulp, a waste from Morinda juice extrac-
tion, is moderate in protein but high in fibre [24].
Common phytoconstituents and modes of action
Morinda plant parts (fruits, roots and 
leaves) contain different concentrations of 
several biological compounds (glycosides, 
polysaccharides, iridoids, alkaloids, lignans, 
trisaccharide fatty acid esters, anthraquinones, 
scopoletin, morindin, vitamins and minerals)[19, 
21, 25-28] which are known to have antibacterial, 
antiviral, antifungal, cholesterol regulationand 
immune enhancing [9,12], antioxidant [29, 30] 
and digestion enhancing[10, 11,13, 14] properties. 
The antimicrobial activity of Morinda products 
has been attributed to the presence of terpenoids 
(mainly saponins) and phenolic compounds 
(acubin, alizarin, acopoletin, and anthraquinones) 
[31-34]. 
The mode of action of these substances on 
gut health is not clear but several mechanisms 
including i)modulation of microbial cell 
membrane and disruption of pathogenic microbes, 
ii) increased hydrophobicity which increases 
surface area of the microbial cell and reduces its 
virulence, iii) stimulation of beneficial bacteria 
(Lactobacillus and Bifidobacteria) in the gut, 
iv) stimulation of the immune system and v) 
improvement in intestinal integrity by protecting 
it against microbial attack have been postulated 
[35, 36]. 
Saponins act mainly through their 
membranolytic properties on microbial cell 
and leakage of cellular materials [37, 38]. 
Flavonoids may exert their antimicrobial activity 
by complexing with extracellular and soluble 
proteins and bacterial cell walls [39] or by 
disrupting microbial membranes [40]. Flavonoids 
are also known to modulate the number of cells 
signaling the pathways of fat deposition [41-44]. 
Catechins, a group of flavonoids, improve poultry 
performance mainly, through their antioxidative 
[45] and anticoccidial [46] properties. The 
antimicrobial activity of alkaloids is attributed 
to their ability to intercalate with cellular DNA 
[47]. Anthraquinones inhibit bacterial cell wall 
synthesis and membrane function [48,49] and 
microbial enzyme activity [50,51]. Depending on 
the category, high intake of anthraquinonesmay 
however, be toxic. Shalan et al. [52] reported 
hepatoxicity andhigh mortality in mice consuming 
2 mg noni fruit extract/ml and attributed this 
to the anthraquinones (alizarin and rubiadin) 
contents. However, [14] found no toxic effect of 
noni water extract on mice. This suggests the need 
foranalyzing Morinda products for anthraquinone 
concentration before considering them for 
inclusion in poultry feed. Several essential amino 
acids, carbohydrates, vitamins, minerals and co-
enzymes [28] which may directly or indirectly 
improve tissue growth through increased nutrient 
metabolism have also been identified in Morinda 
products [4, 53, 13].
Anantharaj [30]reported the efficacy of 
Morinda fruit extract in altering blood lipid 
profile by reducing LDL cholesterol and 
increasing HDL, LDL ratio. The hypolipidemic 
and cholesterolemic activities of Morinda 
have been attributed to flavonoids, alkaloids 
and glycosides (mainly citrifolin) present in 
the fruit/seed[54,55,56,30, 57], leaves and 
roots [56]. Morinda supplementation showed 
immunomodulatory effects by increasing total 
leucocytes and inducing greater oxidative burst 
intensity by the primary neutrophil concentration, 
which improved resistance of cattle to disease in 
a high-risk population [7]. Quercetins, a bioactive 
ingredient in Morinda [59] has heat stress 
mediating effects in poultry [60]. According to 
Hong et al. [14] the immune enhancing activity 
of noni fruit extract is due to its modulatory effect 
on immune cells, induction of the expression of 
proinflammatory cytokine genes and inhibition 
of the expression of interleukin (IL10).The 
concentration of phytoconstituents in Morinda 
depends on several factors including the plant part 
and stage of maturity [61,62]. The composition of 
Morinda plant parts in selected phytochemicals is 
summarised in Table 1. 
Morinda products in poultry feeding 
The high concentration of compounds with 
several functional properties in Morinda products 
could make the mphytoadditives of choice in 
livestock and poultry feeds. Morinda products 
(fruits, roots, bark and leaves) have gained 
popularity in animal nutrition in recent years [63- 
65]. There are few reports on the use of Morinda 
as phytoadditive in poultry feed, mainly broiler 
chickens and Japanese quails.
In a study with heat stressed broilers, [60] found 
no effects of 2 g/kg dried Morinda fruit powderon 
feed intake and growth, but the supplementation 
improved the hepatic expression of heat shock 
protein in a time-specific manner, suggesting 
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that Morinda powder may have potential role in 
relieving heat stress in poultry. In another study, 
Morinda fruit extract supplementation at 1.5 ml/
bird/day improved weight gain, feed conversion 
ratio and dressing percentage in broilers compared 
to the control diet [66]. Sunder et al. [67] also 
observed improved growth and feed utilisation of 
TABLE 1. Selected phytochemicals and their distribution in M. citrifolia plant parts
Constituents Plant part Sources 
Anthraquinones 
•	 Deacetylasperulosidic acid
•	 1,2-Dimethoxyanthraquinone
•	 Damnacanthol-3-O-β-D-primeveroside
•	 Morindone -6-O-β-D-primeveroside
Root 
[73, 74, 75]
Flavonoids 
•	 Catechins 
•	 Epicatechins
•	  Kaempferol
•	 Anthocyanin
•	 Quercetin 
Fruit and leaf [59, 42, 44, 76, 77, 78]
Terpenes
•	 Saponins
•	 Ursolic acid
Fruit and leaf [79, 80, 81, 82, 83]
Polyphenols
•	 Chlorogenic acid
•	 Gentisic acid
•	 P-hydroxybenzoic acid
Fruit [27, 26, 41]
Glycosides
•	 β-D-glucopyranoside
•	 Citrofolinin- A
•	 Citrofolinin- B
Leaf [73, 84]
Sterols 
•	 β-sitosterol 
leaf [19]
Lignans 
•	 Isoprincepin
•	 Americanin A
•	 Americanin B
•	 Morindolin
•	 3,3’-Bisdemethylpinoresinol
Fruit [85, 25, 86, 87]
Coumarins
•	 Scopoletin
Fruit [86, 88, 89, 90, 91, 92]
Acids 
•	 Caprylic acid
•	 Caproic acid
•	 Hexanoic acid 
•	 Linolenic acid
Fruit and seed [9, 93, 19, 18]
Vitamins 
•	 Vitamin C
•	 Vitamin E
•	 Vitamin A
Fruit [94, 95, 23]
Japanese quails supplemented with 5 g Morinda 
fruit extract/kg feed. Inclusion of Morinda fruit 
powder at150 g/kg diet improved body weight 
gains and feed conversion ratio in Japanese quails 
[68]. Sunder et al. [69] found that replacing a 
concentrate mixture with Morinda fruit granules 
at 200 g/kg (w/w) improved body weight gain 
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and egg production in Japanese quails. According 
to Sunder et al. [65],there is a synergistic effect 
between Morinda extract and lactobacillus in 
terms of body weight gain, feed efficiency, 
immunomodulation and reduction of gut E. coli 
count in poultry, confirming the antimicrobial 
activity of Morinda products. 
Supplementation of diets with Morinda fruit 
or leaf extract at 5 g/kg diet lowered serum 
cholesterol in broiler chickens [70]. Santoso et 
al. [21] also reported increased HDL/LDL ratio 
and reduced plasma triglycerides in broilers 
supplemented with 5 g Morinda fruit powder/
kg diet. Addition of Morinda fruit powder at 
3 g/kg diet reduced plasma cholesterol and 
triglycerides below 50% in broilers [70]. Beta-
sitosterols identified in Morinda products [28]
have cholesterolemic activity [72]. These 
findings suggest that factors including plant part, 
processing method and performance criteria 
targeted need to be considered in the evaluation 
of Morinda for poultry feeding. The response of 
poultry to dietary morinda products is summarised 
in Table 2.
TABLE 2. Response of poultry to dietary M. citrifolia
Morinda product Inclusion level Major findings Sources 
Fruit powder 2 g/kg diet Improved hepatic expression of heat shock protein in broilers. [60]
150 g/kg diet Improved body weight gain and feed conversion 
efficiency in Japanese quails.
[68]
50 g/kg diet Increased HDL/LDL ratio and reduced plasma triglycerides in broilers. [21]
30 g/kg diet Reduced plasma cholesterol and triglycerides below 50% in broilers. [71]
Fruit or leaf extract 50 g/kg diet
Improved weight gain, feed efficiency, 
immunomodulation and lowered plasma 
cholesterol and gut E. Coli count (broilers).
[70, 65]
1.5 ml/bird/day Improved body weight gain, feed efficiency and dressing percentage in broilers. [66]
50 g/kg diet Improved body weight gain, feed efficiency in Japanese quails. [67]
Fruit granules 200 g/kg concentrate mix Improved feed efficiency and egg production in Japanese quails. [96]
Prospects of morinda products in poultry feeding 
and future research
The exceptional adaptability of Morinda plant 
coupled with its rich nutritional and nutraceutical 
profile and low food demand make it a potential 
alternative to chemical additive in poultry diets. 
These properties coupled with the growing concern 
in the use of chemical substances in poultry feed 
will increase the adoption of Morinda products 
in the feed. However, the wide variability in the 
composition, due to factors including stage of 
growth, growing conditions and plant parts,calls 
for more researchin the application of Morinda 
products as additives in poultry feed. The feeding 
of Morinda products to poultry of different species 
and age will also increase our understanding of 
possible animal factors affecting their utilisation 
by poultry. The effect of diet composition on the 
utilisation of Morinda products by poultry also 
need to be studied as this may positively impact 
cost of poultry production. Detailed studies of the 
threshold of the different chemical compounds in 
Morinda products also need attention in order to 
minimize the risk of toxicity on the consuming 
bird.
Conclusions                                                                                 
Thenutritional and nutraceutical compositions 
of Morinda citrifolia make it a potential 
phytoadditive in poultry feed. Several products 
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from the fruit (extract, powder, granule) and 
leaves (powder and extract) have potential as 
antimicrobial, digestion enhancing, cholesterol 
reducing, immune modulation and heat stress 
reducing effects among others in poultry. Morinda 
products can be included in the diet in place of 
chemical additives to produce cheaper and 
consumer friendly poultry products. Currently 
however, reports on their use in the feed ismainly 
limited to broiler chickens and Japanese quails. 
There is need for more research into plant and 
animal factors and processing methods for 
maximum utilisation of Morinda products in 
poultry diets. More research is also recommended 
into the application of Morindaproducts in other 
poultry species. 
Acknowledgment
For all the authors participating in the study.
Conflict of interest statement
The research did not involve any commercial 
or financial relationships that may be construed as 
potential conflict of interest.
References                                                                            
1. Dixon, A.R., Mcmillen, H. and Etkin, N.L.. 
Ferment This, The transformation of Noni, 
a traditional Polynesian medicine (Morinda 
citrifolia, Rubiaceae). Econ. Bot., 53, 51-68 
(1999).
2. Nelson, S.C. 2006. Morinda citrifolia (noni), 
ver. 4. In, Elevitch CR (Ed.), Species Profiles 
for Pacific Island Agroforestry. Permanent 
Agriculture Resources (PAR), Holualoa, Hawai. 
3. =Chan-Blanco, Y., Vaillant, F., Perez, A.M., 
Reynes, M., Brillouet, J.M. and Brat, P..A review 
of agricultural research, nutritional and therapeutic 
properties. J. Food Comp. Anal., 19, 645-654 
(2006).
4. Potterat, O. and Hamburger, M..”Morinda 
citrifolia (Noni) fruit--phytochemistry, 
pharmacology, safety”. Planta Medic., 73 (3), 
191–9 (2007), doi,10.1055/s-2007-967115
5. Morton, J.F.. “The ocean-going noni, or Indian 
Mulberry (Morinda citrifolia, Rubiaceae) and 
some of its “colorful” relatives”. Econ. Bot., 46 
(3), 241–256(1992). 
6. Levand, O. and Larson, H.. Some Chemical 
Constituents of Morinda citrifolia. 
Planta Medic., 36 (6), 186–187 (2009). 
doi,10.1055/s-0028-1097264
7. Yang, J., Paulino, R., Janke-Stedronsky, S. 
andAbawi, F.. Free-radical-scavenging activity 
and total phenols of noni (Morinda citrifolia L.) 
juice and powder in processing and storage. Food 
Chem.,102,302–308 (2007).
8. Raj, R.K.. Screening of indigenous plants for 
anthelmintic action against human AscarisLum-
bricoides, Part-II. Ind. J. Physiol.Pharmacol.,19, 
47-49 (1975).
9. Wang, M.Y., West, B.J., Jensen, C.J., Diane, N., 
SU, C. and Palu, A.K..Morinda citrifolia (noni), A 
literature review and recent advances in Noni re-
search. Acta Pharmacol. Sin., 23 (12), 1127-1141 
(2002). 
10. Earle, J.E.. Plant as medicinal esen el 
TropicoHumedo. Editorial Guayacan. San Jose 
(2001).
11. Brown A.C., Anticancer activity of Morinda 
citrifolia (Noni) fruit, a review. Phytother. Res., 
26, 1427-1440 (2012).
12. Saminathan, M., Rai, R.B., Dhama, K., Tiwari, R., 
Chakraborty, S.A., Ranganath, G.J. and Kannan, 
K.. Systematic Review on Anticancer Potential 
andother Health Beneficial Pharmacological 
Activities of Novel Medicinal Plant Morinda 
citrifolia (Noni). Int. J. Pharmacol., 9, 462-492 
(2013).
13. Assi R.A., Darwisa Y., Abdulbaqia I.M., 
Khana A.A., VuanghaobL.andLagharia M.H..
Morinda citrifolia (Noni), A comprehensive 
review on its industrial uses, pharmacological 
activities, and clinical trials. Arab. J. Chem. 
S1878-5352(15)00190-2, DOI, 10.1016/j.
arabjc.2015.06.018. (2015)
14. Hong, Y.H., Yi Y.S., Han, S.Y., Aziz, N., Kim, 
H.G., Park S.H., Hossain, M.A., Baik, K.S., Choi 
S.Y., Lee J., Kim J.H. andCho J.Y.. Morinda 
citrifolia noni water extract enhances innate and 
adaptive immune responses in healthy mice, ex 
vivo, and in vitro. Phytother. Res.; 33(3),676-
689(2019). doi, 10.1002/ptr.6256. doi, 10.1002/
ptr.6256Phytother Res. 
15. Yamashita, Y., Katagiri, T., Pirarat, N., Futami, K., 
Endo, M. and Mata, M..The synthetic antioxidant, 
ethoxyquin, adversely affects immunity in tilapia 
(Oreochromisniloticus). Aquac. Nutr., 15, 144-151 
(2009).
16. Ahmad, H., Jinke, T., Wang, J., Wang, Y., Zhang, 
L., Khan, M.A., Wang, T.. Effect of dietary 
sodium selenite and selenium yeast on antioxidant 
enzymes and oxidative stability of chicken breast 
meat. J. Agric. Food Chem., 60 (29), 7111 – 7220. 
(2012).
42
Egypt. J. Vet. Sci. Vol. 50, No.1 (2019) 
S.S. DIARRA et al.
17. Jelveh, K., Rasouli, B., Seidavi, A. and Diarra, 
S.S.. Comparative effects of Chinese green tea 
(Camellia sinensis) extract and powder as feed 
supplements for broiler chickens, J. Appl. Anim. 
Res., 46 (1), 1114-1117 (2018).
18. Singh,D.R. and Singh, S..Phytochemicals in 
Plant Parts of Noni (Morinda citrifolia L.) with 
Special Reference to Fatty Acid Profiles of Seeds. 
Proceedings of the National Academy of Sciences, 
India Section B, Biol. Sci., 83 (3),471–478 (2013). 
19. Chunhieng, M.T. Development of New Food 
Health Tropical, Application at the Nuts bre’sil 
Bertholettia Excelsa and the Fruit of Morinda 
citrifolia Cambodia. PhD Thesis, I’Institut 
National Polytechnique de Lorraine (INPL), 
Nancy, France (2003).
20. Palioto, G.F., Silva, C.F.G., Mendes, M.P., 
Almeida, V.V., Rocha, C.L.M.S.C. and Tonin 
L.T.D. .Proximate composition, bioactive 
compounds and antioxidant activity of fruits 
of Morinda citrifolia L. (noni) cultivated in 
Paraná, Brazil. Rev. Bras. Plantas Medic., 17 
(1), 59-66(2015). http,//dx.doi.org/10.1590/1983-
084X/13_066    
21. Santoso, U. and Fenita, Y.K.. The effect of 
medicinal herb inclusion on the hematologic status 
and blood lipid profiles in broiler chickens. Int. J. 
Poult. Sci., 16, 415-423 (2017).  
22. Peerzada, N., Renaud, S., Ryan, P.. Vitamin C 
and elemental composition of some bush fruits. J. 
Plant Nutr., 13, 787–793 (1990).
23. Aalbersberg W.G.L., Hussein S., Sotheeswaran 
S. andParkinson S., Carotenoids in the leaves of 
Morinda citrifolia. J. Herbs Spices Medic. Plants, 
2, 51–54 (2014).
24. Aregheore E.M., Kumar A. andManueli P., Dietary 
energy and protein for optimal growth of crosbred 
Anglo-Nubian goats in Samoa. Int. J. Agric. Bio., 
5 (4), 428-431 (2003).
25. Kamiya, K., Tanaka, Y., Endang, H., Umar, M. 
and Satake, T.. Chemical constituents of Morinda 
citrifolia fruits inhibit cooper-induced-low-density 
lipoprotein oxidation. J. Agric. Food Chem., 52, 
5843–5848 (2004).
26. Liu, Q., Kim, S.B., Ahn, J.H., Hwang, B.Y., Kim, 
S.Y. and Lee, M.K.. Anthraquinones from Morinda 
officinalis roots enhance adipocyte differentiation 
in 3T3-L1 cells. Nat. Prod. Res., 26, 1750–1754 
(2012).
27. Lin, Y.L., Chang, Y.Y., Yang, D.J., Tzang, B.S. and 
Chen, Y.C.. Beneficial effects of noni (Morinda 
citrifolia L.) juice on livers of high-fat dietary 
hamsters. Food Chem., 140, 31–38 (2013).
28. Ali, M., Kenganora, M. and Manjula, S.N.. Health 
Benefits of Morinda citrifolia (Noni), A Review. 
Pharmacol. J., 8 (4), 321-334. (2016).
29. Senthilkumar, S., Deepa, K., Suganya, T., Janakara, 
J.M., Muralidharan, J. and Vasanthakumar, 
P.. Therapeutic Properties of Noni (Morinda 
Citrifolia) and its Products. Int. J. Sci., Environ. 
Technol., 5 (3), 1496–1502 (2016).
30. Anantharaj A., Jeyakumar S., Sathya M.M. and 
Sunder J.. Biochemical and Antioxidant effects 
in crossbred calves fed with Morinda citrifolia.J. 
Appl. Anim. Res., 45 (1), 252-255 (2017).
31. Jin, L.Z., Ho, Y.W., Abdullah, N. and Jalaludin, 
S.. Growth performance, intestinal microbial 
populations and serum cholesterol of broilers fed 
diets containing Lactobacillus cultures. Poult. 
Sci., 77, 1259-1265 (1998).
32. Lavanya G, Brahmaprakash G.P.. Phytochemical 
screening and antimicrobial activity of compounds 
from selected medicinal and aromatic plants. Int. 
J. Sci. Nat., 2, 287-291 (2011). 
33. Narimani-Rad, M., Nobakht, A., Shahryar, H.A., 
Kamani, J. and Lotfi, A.. Influence of dietary 
supplemented medicinal plants mixture (ziziphora, 
oregano and peppermint) on performance and 
carcass characterization of broiler chickens. J. 
Medic. Plant Res., 5, 5626-5629 (2011).
34. Salarmoini, M. and Fooladi, M.H.. Efficacy of 
Lactobacillus acidophilus as probiotic to improve 
broiler chicks’ performance. J. Agric. Sci. Technol., 
13, 165-172 (2011).
35. Windisch, W. and Kroismayr, A.. Natural 
phytobiotics for health of young piglets and 
poultry, mechanisms and application. Poult. Sci., 
86 (Suppl. 1), 643 (2007).
36. Sugiharto, S.. Role of nutraceuticals in gut 
healthand growth performance of poultry. J. Saudi 
Soci. Agric. Sci., 15, 99-111(2016).
37. Killeen, G., Madigan, C., Connolly, C., Walsh, 
G., Clark, C., Hynes, M., Timmins, B., James, P., 
Headon, D. and Power, R.. Antimicrobial saponins 
of Yucca schidigera and the implications of their 
in vitro properties for their in vivo impact. J. 
Agric. Food Chem., 46 (8), 3178–3186 (1998). 
Doi: 10.1021/jf970928j.
43
Egypt. J. Vet. Sci. Vol. 50, No.1 (2019) 
POTENTIAL OF MORINDA (Morinda citrifolia L.) PRODUCTS AS ALTERNATIVE TO …
38. Mshvildadze, V., Favel, A., Delmas, F., Elias, 
R., Faure, R., Decanosidze, Q., Kemertelidze, E. 
and Balansard, G. Antifungal and antiprotozoal 
activities of saponins from Hederacolchica. 
Pharm., 55 (4), 325–326 (2000).
39. Cowan, M. Plant products as antimicrobial agents. 
Clinic. Microbiol. Rev., 12 (4), 564–582 (1999).
40. Tsuchiya, H., Sato, M., Miyazaki, T., Fujiwara, S., 
Tanigaki, S., Ohyama, M., Tanaka, T. andIinuma, 
M. Comparative study on the antibacterial 
activity of phytochemical flavanones against 
methicillin-resistant Staphylococcus aureus. J. 
Ethnopharmacol., 50 (1), 27–34. (1996). Doi: 
10.1016/0378-8741(96)85514-0
41. Hsu, C.L. and Yen, G.C..Effects of flavonoids and 
phenolic acids on the inhibition of adipogenesis 
in 3T3-L1 adipocytes. J. Agric. Food Chem., 55, 
8404–8410 (2007).
42. Pak-Dek, M.S., Abdul-Hamid, A., Osman, 
A. andSoh, C.S.. Inhibitory effect of Morinda 
citrifolia L. on lipoprotein lipase activity. J. Food 
Sci., 73, C595–C598 (2008).
43. Badimon L.,Vilahur G. and Padro T. Nutraceuticals 
and atherosclerosis, Human trials. Cardiovasc. 
Therap., 28, 202–215 (2010).
44. Sahib, N.G., Hamid, A.A., Kitts, D., Purnama, 
M., Saari, N.,& Abas, F. . The effects of 
Morinda citrifolia, Momordicacharantia and 
Centellaasiatica extracts on lipoprotein lipase and 
3T3-L1 pre-adipocytes. J. Food Biochem., 35, 
1186–1205(2011).
45. Kim, H.S., Quon, M.J. and Kim, J.A.. New 
insights into the mechanisms of polyphenols 
beyond antioxidant properties; lessons from the 
green tea polyphenols, epigallocatechin 3-gallate. 
Redox Biol., 2, 187-195 (2014).
46. Khan, S.H.. The use of green tea (Camellia 
sinensis) as phytogenic sub-stance in poultry diets, 
review article. Onderst J. Vet. Res., 81, 1–8(2014).
47. Phillipson, J. and O′Neill, M.. New leads to the 
treatment of protozoal infections based on natural 
product molecules. Acta Pharm. Nord., 1, 131–
144(1987)
48. Chunxia, L.U., Wang, H., Wenping, L.V., Xu, P., 
Zhu, J., Xie, J., Liu, B. and Lou, Z.. Antibacterial 
properties ofanthraquinones extracted from 
rhubarb against Aeromonashydrophila. Fish. Sci., 
77, 375–84(2011). Doi: 10.1007/s12562-011-
0341-z.
49. Liu, M., Peng, W., Qin, R., Yan, Z. and Cen, Y., The 
direct anti-MRSA effect of emodin via damaging 
cell membrane. Appl. Microbiol. Biotechnol., 99, 
7699-709 (2015) Doi:10.1007/s00253-015-6657-3 
50. Srinivas, G., Babykutty, S., Sathiadevan, P.P.,& 
Srinivas, P.. Molecular Mechanism of Emodin 
Action, Transition from Laxative Ingredient to 
an Antitumor Agent. Medic. Res. Rev., 27, 591–
608(2007). Doi:10.1002/med.20095 
51. 51. Abu-Darwish S.M., Ateyyat A.M. and Salt A., 
The Pharmacological and Pesticidal Actions of 
Naturally Occurring 1, 8-dihydroxyanthraquinones 
Derivatives. Helicobact., 4, 495–505 (2008).
52. Shalan, N.A.A.M.; Mustapha, N.M. and 
Mohamed, S.. Chronic toxicity evaluation of 
Morinda citrifolia fruit andleaf in mice. Regul. 
Toxicol. Pharmacol., 83, 46–53 (2016).
53. Takashima, J., Ikeda, Y., Komiyama, K., Hayashi, 
M., Kishida, A. and Ohsaki, A. New constituents 
from the leaves of Morinda citrifolia. Chem. 
Pharm. Bull., 55, 343–345 (2007).
54. Goh, S.H., Chuah, C.H., Mok, J.S.L. and 
Soepadmo, E.. Malaysian medicinal plants for 
the treatment of cardiovascular diseases. Kuala 
Lumpur, Malaysia, Pelanduk Publications. ISBN 
967–978–515–7, 162 p. (1995).
55. Hadijah, H., Ayub, M.Y., Zaidah, H. and Normah, 
A.. Hypolipidemic activity of an aqueous 
extract of Morinda Citrifolia fruit in normal and 
streptozotocin induced diabetic rats. J. Tropic. 
Agric. Food Sci., 36 (1), 77–85 (2008).
56. Mandukhail, S.U.R., Aziz, N. and Gilani, A.H.. 
Studies on antidyslipidemic effects of Morinda 
citrifolia (Noni) fruit, leaves and root extracts. 
Lipids Health Dis., 9, 88–93 (2010).
57. Etsuyankpa, M.B., Ndamitso, M.M., Oluwatoyin, 
I.V., Ibrahim, H. and Ogah, S.P.I.. Chemical 
Analysis of Noni (Morinda citrofolia) Seeds and 
the Characterization of the Seeds Oil. Amer. J. 
Appl. Chem., 5 (4), 57-61 (2017)
58. Ponce, C.H., Ballou, M.A., Godbee, R.G., Hulbert, 
L.E., Dilorenzo, N., Quinn, M.J., SMITH, D.R. 
andGalyean, M.L. Case Study, Effects of Morinda 
citrifolia extract on performance and morbidity of 
newly received beef heifers. The Prof. Anim. Sci., 
27, 269–275 (2011).
59. Bushnell, O.A., Mitsuno, F. andTakashit, M.. The 
antibacterial properties of some plants found in 
Hawaii. Pac. Sci., 4 (7), 167-83 (1950). 
44
Egypt. J. Vet. Sci. Vol. 50, No.1 (2019) 
S.S. DIARRA et al.
60. Flees, J., Rajaei-Sharifabadi, H., Greene, E., 
Beer, L., Hargis, B.M., Ellestad, L., Porter, T., 
Donoghue, A., Bottje, W.G. and Dridi, S.. Effect 
of Morinda citrifolia (noni)-enriched diet on 
hepatic heat shock protein and lipid metabolism-
related genes in heat stressed broiler chickens. 
Front. Physiol., 8, 919-923 (2017),   doi: 10.3389/
fphys.2017.00919
61. Millonig, G., Stadlmann, S. and Vogel, W. 
Herbal hepatoxicity, Acute hepatitis caused by a 
noni preparation (Morinda citrifolia). Europ. J. 
Gastroenterol. Hepatol., 17, 445–447 (2005).
62. Motshakeri, M. and Ghazali, H.M. Nutritional, 
phytochemical and commercial quality of noni 
fruit, A multi-beneficial gift from nature. Trends 
Food Sc. Technol., 45, 118–129 (2015).
63. Brooks V.J., Schafer M., Sharp P., XU J., Cai J., 
Keuler N.S., Godbee R.G., Peek S.F., Schultz 
R.D., Suresh M. and Darien B.J., Effects of 
Morinda citrifolia (Noni) on CD4 + and CD8 + 
T-cell activation in neonatal calves. The Prof. 
Anim. Sci., 25, 262–265 (2009).
64. Sunder, S.T.J. and Kundu, A., Efficacy of Feeding 
of Morinda citrifoliafruit juice and Lactobacillus 
acidophilus in broiler. Asian J. Anim. Vet. Adv., 
10, Sunder, S.T.J., Sujatha, T. and Kundu, A. 
Grommune, Morinda citrifoliabasedherbal tonic 
for growth and immunity for commercial broilers. 
J. Appl. Anim. Res., 43, 137–140 (2015).. 
65. Sunder, J., Singh, D.R., Kundu, A. and Jeyakumar, 
S. Effect of feeding of Morinda citrifolia extract 
on blood biochemical profile of Nicobari fowl and 
broiler. Anim. Sc. Report., 5, 141-146 (2011b)..
66. Sunder, J., Rai, R.B., Yasmeen, J., Kundu, A. 
and Jeyakumar, S.. Immunomodulatory effect of 
Morinda citrifolia in poultry. Ind. J. Anim. Sci., 77, 
1126-1128 (2007).
67. Sunder, J., De, A.K., Jeyakumar, S. and Kundu, A.. 
Effect of feeding of Morinda citrifolia fruit juice 
on the biophysical parameters of healthy as well 
as mastitis-affected cow milk. J. Appl. Anim. Res., 
41, 29-33 (2013a). 
68. Sunder, J., Jeyakumar, S., Sujatha, T. and Kundu, 
A. Effect of feeding of Morical, a herbal based 
supplement on production and egg quality in 
Japanese quails. Adv. Anim. Vet. Sci., 1, 157-160 
(2013b).
69. Sunder, J., Kundu, A., Singh, D.R., Jeyakumar, S. 
and Srivastava, R.C. Effect of feeding of Morinda 
citrifolia fruit juice on growth, production and 
immune response in Nicobari fowl. Ind. J. Anim. 
Sci., 81, 68–71(2011a)..
70. Fenita, Y. The influence of noni fruit flour in 
the ration on the percentage of internal organs, 
cholesterol and triglyceride levels of broiler blood. 
Proceeding of Semirata Field in Agricultural 
Sciences, Western Region, Bengkulu University, 
Bengkulu, Indonesia, pp., 1060-1065 (2010).
71. Wang, M.Y., Henley, E., Jeanette, N., Alexandra, 
C., Swedish, A.H. and Jensen, J. The Effects of 
Morinda citrifolia (noni) fruit juice on serum 
cholesterol and triglyceride in current smokers. 
Amer. Heart Assoc. J., 113, 301-81(2006).. 
72. Joseph, B.. Pride publishing, noni, Polynesia’s 
natural pharmacy, p.13 (1997). 
73. Kamiya, K., Hamabe, W., Harada, S., Murakami, 
R., Tokuyama, S. and Satake, T.. Chemical 
constituents of Morinda citrifolia roots exhibit 
hypoglycemic effects in streptozotocin-induced 
diabetic mice. Biol. Pharm. Bulletin, 31, 935–938 
(2008).
74. Lin, Y.L., Chou, C.H., Yang, D.J., Chen, J.W., 
Tzang, B.S. and Chen, Y.C.. Hypolipidemic and 
antioxidative effects of noni (Morinda citrifolia 
L.) juice on high- fat/cholesterol-dietary hamsters. 
Plant Foods Hum. Nutr., 67, 294–302 (2012).
75. Sang, S., Cheng, X., Zhu, N., Stark, R.E., 
Badmaev, V., Ghai, G., Rosen, R.T. and Ho, C.-
T. Flavonol glycosides and novel iridoid glycoside 
from the leaves of Morinda citrifolia. J. Agric. 
Food Chem., 49, 4478-4481 (2001a).
76. Kampkotter, A., Nkwonkam, C.G., Zurawski, 
R.F., Timpel, C., Chovolou, Y., Watjen, W. 
andKahl, R. Investigations of protective effects 
of the flavonoids quercetin and rutin on stress 
resistance in the model organism Caenorhabditis 
elegans. Toxicol., 234, 113–123 (2007).
77. Nerurkar, P.V., Nishioka, A., Eck, P.O., Johns, 
L.M., Volper, E. and Nerurkar, V.R.. Regulation 
of glucose metabolism via hepatic forkhead 
transcription factor 1 (FOXO1) by Morinda 
citrifolia (noni) in high-fat diet-induced obese 
mice. Br. J. Nutr., 108, 218–228 (2012).
45
Egypt. J. Vet. Sci. Vol. 50, No.1 (2019) 
POTENTIAL OF MORINDA (Morinda citrifolia L.) PRODUCTS AS ALTERNATIVE TO …
78. Nguyen, P.H., Yang, J.L., Uddin, M.N., Park, S.L., 
Lim, S.I., Jung, D.W., Williams, D.R. and Oh, 
W.K.. Protein Tyrosine Phosphatase 1b (PTP1b) 
inhibitors from Morinda citrifolia (noni) and their 
insulin mimetic activity. J. Nat. Prod., 76, 2080–
2087 (2013).
79. Sang, S., Wang, M., He, K., Liu, G., Dong, Z., 
Badmaev, V., Zheng, Q.Y., Ghai, G., Rosen, R.T. 
and Ho, C.-T. Chemical components in noni 
fruits and leaves (Morinda citrifolia L.). ASC 
Symposium Series, American Chemistry Society, 
803, 134–150 (2001b).
80. Jayaprakasam, B., Olson, L.K., Schutzki, R.E., 
Tai, M.H. and Nair, M.G. Amelioration of obesity 
and glucose intolerance in high-fat-fed C57Bl/6 
mice by anthocyanins and ursolic acid in cornelian 
cherry (Cornus mas). J. Agric. Food Chem., 54, 
243–248 (2006).
81. Pazos, D.C., Jiménez, F.E., Garduño, L., López, 
V.E. and Cruz, M.C. Hypolipidemic effect of seed 
oil of noni (Morinda citrifolia). Nat. Products 
Comm., 6 (7), 1005-1008 (2011).
82. Pu, H.F., Wei, J.H., Tseng, W.M., Wang, S.W., 
Liu, Y.W. and Doong, M.L. Effects of Juice from 
Morinda citrifolia (Noni) on gastric emptying in 
male rats. Chin. J. Physiol., 47 (4), 169-74(2004)..
83. Zhang, Y.Y., Proenca, R., Maffei, M., Barone, M., 
Leopold, L. and Friedman, J.M. Positional cloning 
of the mouse obese gene and its human homolog. 
Nat., 372, 425–432 (1994).
84. Su, B.N., Pawlus, A.D., Jung, H.A., Keller, W.J., 
Mclaughlin, J.L., and Kinghorn, A.D. Chemical 
constituents of Morinda citrifolia (noni) and their 
antioxidant activity. J. Nat. Prod., 68, 592–595 
(2005).
85. Lin, C.F., Ni, C.L., Huang, Y.L., Sheu, S.J. and 
Chen, C.C..Lignans and anthraquinones from the 
fruits of Morinda citrifolia. Nat. Prod. Res., 21, 
1199–1204 (2007).
86. Rasal, V.P., Arulmozhi, S., Purnima, A., and Srid-
har, Y. Wound healing and antioxidant activities 
of Morinda citrifolia leaf extract in rats. Int. J. 
Pharm. Technol., 7(1), 49-52 (2008).
87. Wang, M.Y., Diane, N., Gary, A., Jarakae, J. and 
West, B. Liver protective effects of Morinda 
citrifolia (noni). Plant Foods Hum. Nutr., 63 (2), 
59-63 (2008).
88. Wang, M.Y., Lin, P., Gary, A. and Diane, N. Breast 
cancer prevention with Morinda citrifolia (noni) 
at the initiation stage. Funct. Foods Health Dis., 3 
(6), 203-22 (2013).
89. Wigati, D., Anwar, K.S. and Nugroho, A.E. 
Hypotensive activity of ethanolic extracts 
of Morinda citrifolia L. leaves and fruit in 
dexamethasone-induced hypertensive rat. J. 
Evidence-Based Compl. Altern. Medic., 22, 107–
113 (2017)..
90. Zhang, W.Y., Lee, J.J., Kim, Y., Kim, I.S., Park, 
J.S. and Myung, C.S. Amelioration of insulin 
resistance by scopoletin in high-glucose-induced, 
insulin-resistant Hepg2 cells. Horm. Metabol. 
Res., 42, 930–935 (2010).
91. Mahattanadul, S., Ridtitid, W., Nima, S., Phdoong-
sombut, N., Ratanasuwon, P., &Kasiwong, S. Ef-
fects of Morinda citrifolia aqueous fruit extract 
and its biomarker scopoletin on reflux esophagitis 
and gastric ulcer in rats. J. Ethnopharm., 134 (2), 
243-50 (2011)..
92. Sang, S., Wang, M., Ken, H., Guangming, L., Zi-
gang, D. and Vladimir, B. Chemical components 
in Noni fruits and leaves (Morinda citrifolia L.). 
In, Ho CT, Zheng QY. (Ed.), Quality management 
of nutraceuticals. ASC Symposium Series 803, 
American Chemistry Society, 134-50 (2002).
93. Zin, Z.M., Hamid, A.A. and Osman, A. 
Antioxidative activity of extracts from Mengkudu 
(Morinda citrifolia L.) root, fruit and leaf. Food 
Chem., 78 (2), 227-31 (2002). 
94. Mahadeva-Rao, U.S. and Subramanian, S. 
Biochemical evaluation of antihyperglycemic and 
antioxidative effects of Morinda citrifolia fruit 
extract studied in streptozotocin-induced diabetic 
rats. Medic. Chem. Res., 18, 433-446 (2008).
95. Sunder, J., Singh, D.R., Jeyakumar, S., Kundu, 
A., Srivastava, R.C. Antimicrobial activity of 
Morinda citrifolia solvent extracts. Ind. Vet. J., 89, 
9-1 (2012).
(Received 20/01/2019;
 accepted 20/03/2019)
